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An improved bone screw for humans or mammals is a bone
screw having exposed surfaces along a shank and threads
extending from the shank with one or more selected portions
of'the exposed surfaces having a 3-dimensional pattern. The
pattern provides enhanced resistance to thread loosening
when affixed to bone. The exposed surface is on exterior
portions of the threads or portions of the shank or both. The
one or more selected portions of the exposed portions having
abone formation enhancing 3-dimensional patterns are in the
external exposed thread surfaces or in the exposed shank
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BONE SCREW FASTENER

RELATED APPLICATIONS

This application is a continuation in part of co-pending
U.S. application Ser. No. 13/737,043 filed Jan. 9, 2013
entitled, “Bone Implants And Method Of Manufacture”
which is a division of U.S. Pat. No. 8,414,654 filed on Nov.
23,2011 entitled, “Bone Implants And Method Of Manufac-
ture”.

TECHNICAL FIELD

The present invention relates to an improved bone screw
having an externally prepared surface characteristic to pre-
vent loosening while simultaneously encouraging new bone
growth.

BACKGROUND OF THE INVENTION

Bone screws are provided in a variety of shapes and sizes.
The most common employ titanium or stainless steel as a
preferred material for implantation. These screws are ideal in
that they do not oxidize and are very compatible with the bone
structure. These screws typically employ one or more helical
threads. Many are self-tapping at the proximal tip or end. The
distal end of the screw has a head or some physical construc-
tion to allow torquing the screw into the bone. The shank
extends between the head and the tip end and is machined
with the desired threads to engage the bone structure.

The bone structure has an interior of a softer more open
trabecular spacing. This region. This region is somewhat
spongy or elastic in nature. The outer region of the bone is
hard and more densely formed cortical bone. This hard bone
can provide an excellent region to cut threads into as the screw
is tightened. Historically, the screws, once fully inserted, are
used to anchor bone plates, spinal fusion spacers and rods
commonly used in spinal surgical repairs and to hold bone
fracture fragments together.

The very nature of the helix angle cut into the shank to form
the threads creates a spiral ramp inclined slightly. The bone
screws are made with the threads being sharp and highly
polished to make the bone entry easier. This contributes to a
phenomenon that induces the bone screw to loosen over time.
Ideally, new bone ingrowth occurs to help hold the fastener in
place, but the occurrence of screw loosening is such that
many, if not most, bone screws use anti-back out or locking
features to keep the bone screw held in the bone in the event
the screw tends to loosen. Secondarily, when the screw loos-
ens it can also lower the pull out forces required to tear
through the threads in the bone.

These and other issues can be reduced by a recent discov-
ery that was initially created to enhance bone ingrowth on the
exterior surfaces of implants. It was discovered that polymers
like those used in implantation and metals like titanium and
stainless steel could have greatly enhanced bone formation by
surface patterning.

InU.S. Pat. Nos. 8,535,388 B2; 8,414,654 B2 and U.S. Pat.
No. 8,679,189 B1*, a unique surface pattern was disclosed
what in a preferred embodiment mimics under-modelled
marine mammal bone. This pattern has proven beneficial in
plastic and metal implants including PEEK, stainless steel
and titanium. Its continuous network of voids creates regions
of enhanced osteoinductivity to enhance rapid new bone
growth as explained in U.S. Pat. No. 8,414,654 B2. In prac-
tice, the creation of these patterns can be accomplished
employing laser technology. This manufacturing ability
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allows the machining to occur on difficult to reach surfaces
and angles. The inventor, when applying this capacity to
implants made in the form of bone screws, has found remark-
able added benefits which are described hereinatter.

SUMMARY OF THE INVENTION

An improved bone screw for humans or mammals is a bone
screw having exposed surfaces along a shank and threads
extending from the shank with one or more selected portions
of'the exposed surfaces having a 3-dimensional pattern. The
pattern provides enhanced resistance to thread loosening
when affixed to bone. The exposed surface is on exterior
portions of the threads or portions of the shank or both. The
one or more selected portions of the exposed portions having
abone formation enhancing 3-dimensional patterns are in the
external exposed thread surfaces or in the exposed shank
surfaces or both.

The 3-dimensional pattern can be a substantially continu-
ous network having voids. The voids have a width in the range
of about 30-1000 microns. At least 10 percent of said voids
have a dimension of at least 30 microns. The voids have a
depth into the selected surface of about 150 microns or less.
The voids preferably have a medium width of 500-800
microns to mimic the open marrow regions of bone, so the
screw when formed has a trabecular bone structure appear-
ance.

Preferably, the bone screw is made of a metal suitable for
implanting in a human or mammal. The metal is titanium or a
titanium alloy or the metal can be stainless steel or a stainless
steel alloy.

In one embodiment, the bone screw may include the 3-di-
mensional pattern to secure the screw to the skeletal bone
structure with the pattern being on a proximal surface of the
threads. The bone formation 3-dimensional pattern has a void
to solid ratio mimicking a pre-natal cancellous bone in a
human. The pattern mimics a marine or sea mammal bone
structure. The sea or marine mammal is a whale or a dolphin.
In that embodiment, the bone pattern exhibits the following
characteristics

BIOPSY BV/TV  BS/BV TbTh TbSp TbN Ost#
Cross 17.71 14.98 135.16 631.70 1.33 230/mm?
Long 24.54 8.67 231.05 710.98 1.06 150/mm?

The bone screw implant, at select portions, exhibits a stress
neutral isotropic structure for enhancing bone formation. In
another embodiment, the 3-dimensional pattern mimics den-
ticles of shark skin. The 3-dimensional pattern has a faceting
along the threads that is directionally low in resistance during
screw installation and tightening and once installed and tight-
ened against bone has increased loosening resistance. The
faceting is preferably asymmetrical in relation to torque resis-
tance. The 3-dimensional pattern has a surface texture that
forms a surface topography that is repeated on a regular,
irregular, isotropic or asymmetrical, orthogonal or random
basis. The 3-dimensional pattern can be formed into a con-
tinuous network of troughs or channels. Alternatively, the
3-dimensional pattern can be formed into a continuous net-
work of ridges or protrusions. The 3-dimensional pattern can
be a combination of a continuous network of troughs or
channels and ridges or protrusions.

It is believed important that the 3-dimensional pattern is
positioned on at least that portion of the screw that engages
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the cortical bone on some of the exposed surfaces, if not the
whole of the screw threads and shank.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described by way of example and
with reference to the accompanying drawings in which:

FIG. 1 is an exemplary bone screw made in accordance
with the present invention.

FIG. 2A is an enlarged portion of the bone screw of FIG. 1
showing an exemplary 3-dimensional pattern on the shank
and the threads.

FIG. 2B is an enlarged portion of the bone screw showing
the 3-dimensional pattern on the proximal side of the threads.

FIG. 2C is an enlarged portion of the bone screw showing
the 3-dimensional pattern on the distal and proximal exposed
thread surfaces.

FIG. 3A is an enlarged plan view of a 3-dimensional first
embodiment pattern having voids formed as troughs or chan-
nels.

FIG. 3B is an alternative 3-dimensional pattern exhibiting
ridges or protrusions.

FIG. 3C is an alternative 3-dimensional pattern.

DETAILED DESCRIPTION OF THE INVENTION

With reference to FIG. 1, an exemplary bone screw 10
made in accordance with the present invention is illustrated.
As shown, the bone screw 10 has a proximal tip end 11. As
shown, the proximal tip end 11 has bone cutting flutes 13 to
facilitate insertion of the bone screw 10 into a skeletal bone
structure. As illustrated, the bone screw 10 has a shank 14.
Radially extending outwardly from the shank 14 is a thread
20, the thread 20 can be one or more threads spirally wound
about the shank 14 wherein the proximal surface 22 is on the
underside of the thread 20 as shown and the distal surface 21
of the thread 20 is on an outer or upper surface of the thread
20 as it spirals about the shank 14. At the opposite end of the
screw 10 is shown a screw head 12. In the illustrated embodi-
ment, this screw head 12 has a shoulder 15 that allows the
screw head 12 which has a somewhat spherical configuration
to operate in a polyaxial fashion when mounted to a conven-
tionally known tulip, not illustrated. The bone screw 10, as
shown, has a pattern 100 extending along the shank 14 and
along both sides 21, 22 of the threads in the illustrated
embodiment.

In FIG. 2A an alternative embodiment is shown wherein a
portion of the thread 20 showing the exemplary 3-dimen-
sional pattern 100 on the shank 14 and threads 20. The
enlarged portion helps illustrate the patterning effect. In an
alternative embodiment shown in FIG. 2B, the 3-dimensional
pattern 100 is provided on proximal side 22 of the threads 20
or that side that first enters into the bone. Alternatively, no
dimensional patterning is on the distal side 21 of the threads
20 or on the shank 14.

In FIG. 2C, both sides of the threads 20 have a 3-dimen-
sional pattern 100 on the distal and proximal exposed surfaces
21, 22 respectively while the shank 14 exhibits no pattern 100.

It is believed that these patterns 100 when put on a metal,
titanium or stainless steel, bone screw 10, will help enhance
bone growth and new bone formation about the screw 10.
These patterns 100 are very shallow in depth ranging from 50
to 150 um and are prepared to create a continuous network of
either ridges and protrusions or voids and troughs depending
on the pattern selected. These patterns 100 ideally can mimic
certain creatures found in nature. One pattern that is illus-
trated in FIG. 3A is a mimetic pattern that mimics an under-

10

15

20

25

30

35

40

45

50

55

60

65

4

modelled trabecular bone structure of a marine mammal. In
another embodiment, 3B, the pattern 100' is produced as a
series of ridges or denticles mimicking the skin of a shark.

Several examples exist of form-driven biomineralization
and mineral accretion. Given intention to secure screws in situ
and to best affect a tight apposition, modeling the mimetics of
shape driving invigorating the matrix-driven response seems
a direct potential. In example, the major lateral teeth of the
chiton Acanthopleura echinata, shown in FIG. 3C, are com-
posite structures composed of three distinct mineral zones: a
posterior layer of magnetite; a thin band of lepidocrocite just
anterior to this; and apatite throughout the core and anterior
regions of the cusp. Biomineralization in these teeth is a
matrix-mediated process, in which the minerals are deposited
around fibers, with the different biominerals occupying archi-
tecturally discrete compartments. The arrangement of the
organic and biomineral components of the tooth is similar
throughout the three zones, having no discrete borders
between them, and with crystallites of each mineral phase
extending into the adjacent mineral zone. Along the posterior
surface of the tooth, the organic fibers are arranged in a series
of fine parallel lines, but just within the periphery their
appearance takes on a fish scale-like pattern, reflective of the
cross section of a series of units that are overlaid, and offset
from each other, in adjacent rows. The units are approxi-
mately 2 millimeter wide and 0.6 millimeter thick and com-
prise biomineral plates separated by organic fibers. Two types
of subunits make up each ‘fish scale’: one is elongate and
curved and forms a trough, in which the other, rod-like unit, is
nestled. Adjacent rod and trough units are aligned into large
sheets that define the fracture plane of the tooth. The align-
ment of the plates of rod-trough units is complex and exhibits
extreme spatial variation within the tooth cusp. Close to the
posterior surface the plates are essentially horizontal and lie
in a lateromedial plane, while anteriorly they are almost ver-
tical and lie in the posteroanterior plane. An understanding of
the fine structure of the mineralized teeth of chitons, and of
the relationship between the organic and mineral compo-
nents, provides a new insight into biomineralization mecha-
nisms and controls.” As reported in Wealthall, Rosamund J;
Brooker, Lesley R; Macey, David I; Gritfin, Brendan J. Fine
structure of the mineralized teeth of the chiton Acanthopleura
echinata (Mollusca: Polyplacophora). Journal of Morphol-
ogy. 265(2): 165-175, 2005.

In any event, when these patterns 100 are applied onto the
exposed thread surfaces, they create areas onto which the
bone can attach and attempt to enter to create new bone
growth. Priorto that however, when a bone screw is tightened,
it is very common over a period of time for the bone and
threads 20 to loosen. Ithas been found that by providing these
bone growth enhancing features on the screw threads 20, the
screw threads 20 create a resistance to rotational movement
that is quiet unexpected. Even the troughs and channel or
ridges and protrusions created are substantially shallower
than one would expect to facilitate in creating an anti-back out
feature. However, it has been found if one looks at the thread
helix angle o that spirals about a thread, you will see that it
tends to ramp the thread surfaces in such a way that they
would tend to loosen over time with any movement of the
thread 20 or loads upon the screw itself. However, by provid-
ing a textured surface as is proposed in this invention, it has
been determined that this loosening effect does not initiate. It
is believed this is the equivalent of having a thread and bolt
arrangement where the threads that engage the nut are rusty
creating an oxidized surface that tends to prevent the threads
from easily being dislodged. In the present case, since the
bone screws 10 are made of titanium or stainless steel, oxi-
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dation does not easily occur next to the bone nor would one
want it to. However, by providing a simulated network of
mimetic patterns 100 on the threads 20 or the shank 14, it has
been determined that this creates a tendency at the threads 20
to stay in position and not to release their tension on the
cortical bone into which the screw 10 has been inserted.

It must be appreciated that the entry of bone screws 10
passes through a thin region of cortical bone that is very hard
and readily accepts the threads being formed and enters in to
a softer spongy region called the inner trabecular region. It is
in this inner region where the threads have less ability to hold
and grip into the spongy bone structure that are often known
to pull out should the threads in the cortical bone region be
damaged by over tightening or some other eftect. By provid-
ing the network pattern 100 of the claimed invention, it has
been determined that a physician can insert these screws and
have a confidence level that they will not easily dislodge
during normal use. While the invention facilitates the reten-
tion of the screw, it is understood that one may alternatively
want to provide a separate anti-back out feature as is com-
monly done in the art. However, with the use of these patterns
100, it may be possible in some cases to eliminate any addi-
tional anti-back out mechanisms currently used in bone
SCrews.

To better illustrate the pattern 100 used, each bone screw 10
is shown with the 3-dimensional pattern 100 illustrated as a
magnified portion separate in a magnified rectangular region
with a reference line pointing to the exposed surface. It is
understood this pattern 100 is very small and, in order to
visualize its appearance, this magnified surface region depict-
ing the pattern 100 is provided. To try and illustrate the pattern
100 at true scale would result in the appearance of sandpaper
of'a fine grit similar to the skin of a shark. For this reason, the
pattern 100 is shown separate and magnified, when in prac-
tice, the bone screw 10 actually can have the entire exposed
surface covered by the pattern 100 or at least those portions
near the cortical bone engagement. The 3-dimensional pat-
tern 100 is made of'a substantially continuous network having
voids or indentations. The voids or indentations have a width
of about 30-1000 microns. The voids have a depth into the
selected surface of about 150 microns or less. In a preferred
embodiment the 3-dimensional pattern mimics a marine or
sea mammal bone structure such as a whale or dolphin. The
voids preferably have a medium width of 500-800 microns
mimicking the open marrow regions of bone so the 3-dimen-
sional pattern on the bone screw, when formed, appears as a
trabecular bone structure.

Alternatively, the improved bone screw 10 can be a
machined or otherwise manufactured bone screw having a
specific body structure 12 with exposed surfaces onto which
the repeatable geometric 3-dimensional pattern 100 can be
placed on selected portions of the exposed surface to create a
continuous network of voids which will enhance bone forma-
tion, as shown in FIG. 1. With reference to FIG. 3A, the bone
screw 10 has been magnified in size, such that the 3-dimen-
sional pattern 100 is of a scale allowing for a better view of
how the pattern is applied to the exposed surfaces. Exposed
surfaces can be defined and developed throughout the screw
10 based on manufacturing technique, for example, the pat-
tern can extend throughout the body structure of the screw
using lasering or laser cutting.

It is most beneficial if the repeatable 3-dimensional geo-
metric pattern 100 can be achieved as part of the initial manu-
facture of the bone screw 10. It must be appreciated that the
size of the voids between the ridges 103 and channels 101 of
the pattern 100 shown in FIG. 3A are extremely small and, as
a result, such pattern formation to be repeatable in the sur-
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faces can be assured by a secondary procedure of embossing,
etching, micropatterning or pressing onto an exposed surface
of'the bone screw 10. Chemical etching, while feasible, canbe
used with the understanding the screw 10 must be free if any
residual chemical that could be adverse to bone formation.
Plasma deposition can also be used to form the pattern on the
exposed surfaces of the device. Plasma-enhanced chemical
vapor deposition (PECVD) is a process used to deposit thin
films from a gas state (vapor) to a solid state on a substrate.

Most importantly, in the preferred embodiment, the geo-
metric 3-dimensional pattern 100 is selected to duplicate or at
least closely mimic the pattern of a marine mammal such as a
whale. While this pattern 100 is preferred, other similar pat-
terns that approach the void percentage depth and shape of a
human pre-natal cellular structure are also considered opti-
mal alternatives. The main distinction of this surface pattern
100 is that it is repeatable. Conventional surface treatments
that roughen a surface to improve chemical adhesion simply
do not achieve this ability to enhance bone formation about a
bone screw. Whereas this repeatable pattern 100 has demon-
strated this ability. Ideally, the bone screw 10, once prepared
with a suitable 3-dimensional pattern 100, can be used in the
surgical procedure for which it was designed without any
alteration in the procedure with confidence that the prepared
pattern surfaces 100 will facilitate new bone formation. Alter-
natively, more preferably, these improved bone screws 10 can
be also treated with gels or coatings or sheets laden with bone
formation enhancing cells which will find the patterned sur-
faces ideal for growth and adherence. Alternatively, the geo-
metric 3-dimensional pattern 100 is selected to duplicate or at
least closely mimic the pattern of a marine mammal such as a
dolphin.

Once the geometric 3-dimensional pattern 100 is achieved
in areproducible manner on a selected surface of a bone screw
10, it can be coated or otherwise treated with cells to enhance
bone creation and bone formation in the selected areas of the
pattern or alternatively, the bone screw 10 can be simply
implanted relying on the patient’s tissue to attach and initiate
bone formation de nova.

It is important to appreciate the improved device provides
a beneficial surface to facilitate bone creation more quickly
than in the absence of the 3-dimensional patterns. Further-
more, unlike a surface texture or roughening to enhance
chemical bonding, the selected geometric patterns mimic pre-
natal cancellous bone formation, which ideally, stimulates a
biological response not otherwise appreciated or achieved in
synthetic or metallic structures. The most common implants
are load bearing devices with direction forces imparted due to
the molding process. Isotropic structures are not bound in
design by a vector of directional force. A biomaterial with no
loading history supports integration that is singularly directed
and substantially more efficient because it comes from a
neutral state of loading, the forces guiding the new bone are
biologically consistent with not the history of the material
construction, but the combined geometry of the implant plus
the regenerative potential of the construct. In instance, the
intention of using the whale bone as a foundation material is
that it has the same mechanical properties regardless of the
direction of loading. This isotropy is a fundamental value to
an inert prosthesis as it does not shield in any way the active
loading signals during the fusion, or regenerative process.
The integration is through the unit, not around the unit.

Typically the channels 101 having exposed surfaces with
the pattern 100 of the bone screws 10 can optionally be filled
with bone graft material either in a paste form or in solid bone
material. This material during the patient’s healing is
expected to fuse with the adjacent vertebrae and by providing
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an envelope or covering so that the bone screw 10 will be
more quickly fused to the spinal skeletal structure in a faster
more rapid fashion due to the ability of the cells to trigger the
regenerative process and to allow the adjacent bone structure

8

solid ratio of a pre-natal cancellous bone in a human or
mammal and the pattern mimics a marine or sea mam-
mal bone structure; and

wherein the bone pattern exhibits the following character-

to grow around the bone screw more quickly than would 5 istics;
occur otherwise in the absence of the material.
Table 2 is the morphometric data of human cancellous bone

samples H-1-H4 and whale cancellous bone W 1. Briefly the BIOPSY BV/TV BS/BV  TbTh TbSp  TbN Ost#
entire specimen was imaged and the whale bone was pur-

osely cut large to look for the internal consistency of the 10 ™ 77 1498 13516 G170 133 230mm
posely ge 10 ook al Y Long  24.54 867 23105 71098  1.06 150/mm>
form to follow variation in scales of sizing. The cancellous
bone samples range from 1-4 also in order of being most
osteoporotic (1) and the number (4) specimen being the most 2. A bone screw for humans or mammals comprises:
normal bone. Number 3 specimen is likely an outlier and a bone screw having exposed surfaces along a shank and
might sit adjacent to a cortical margin. The whale bone is 15 threads extending from the shank;
consistent independent of boundary range or isometric ran- one or more selected portions of the exposed surface hav-
domization to size. The value in the whale bone is to isotropic ing a 3-dimensional pattern, the pattern providing
distribution, thicker trabecula, greater trabecular spacing, and enhanced resistance to thread loosening when affixed to
highest tissue density with lowest connectivity for equalized bone, wherein the exposed surface is on exterior por-
total volume. The importance is ridge dynamics, higher den- 20 tions of the threads or portions of the shank or both,
sity with lesser void despite having greater separation makes wherein the one or more selected portions of the exposed
this an ideal pattern for mimicking to enhance new bone portions having a bone formation enhancing 3-dimen-
growth in humans. sional patterns are in the external exposed thread sur-

TABLE 2
BVF Apparent  Tissue

Sam-  (BV/ Trab. Trab. Trab. Connec. Density Density Total Bone Bone BS/ BS/ BS/

ple TV)  Thickness Number Spacing Density Mg/cem Mg/cem  Volume Volume Surface BV v MV

No. % pm 1/mm pm 1/mm 3 HA HA mm 3 mm 3 SMI mm2 mm2 1I/mm 1/mm DA

Just within boundaries of pieces

HI  14.6% 142 141 653 6 65 888 570.999  83.594 1.7 15957 190 28 33 16

H2  21.0% 146 1.69 521 7 149 869 541.047 113830 0.8 19898 172 37 47 28

H3  24.0% 191 1.65 525 6 185 917  417.510 100217 1.0 1399.6 138 34 44 1.6

H4  31.7% 156 2.24 374 17 286 891 380.271 120339 03 19087 156 5.0 73 17

Wl 21.1% 183 1.20 800 3 190 866 1070286 225320 0.4 31266 137 29 37 14

Smaller isometric cube ROI

HI  159% 139 1.63 578 6 87 890 70113 11152 1.9 2088 189 3.0 35 16

H2  24.0% 150 1.80 488 8 186 871 70113 16798 0.8 2775 164 40 52 24

H3  263% 174 1.78 487 8 218 911 70113 18451 09 2660 144 38 51 17

H4  34.6% 156 2.36 360 18 319 882 70113 24256 0.0 3726 152 53 &1 17

Wl 21.1% 167 1.29 768 3 226 897 70113 14780 03 2129 143 30 38 15

Smallest isometric cube ROI

HI  16.5% 144 1.63 577 5 94 892 45.084 7457 18 1343 181 3.0 3.6 16

H2  249% 152 1.88 471 8 194 870 45084 11219 08 1805 161 40 53 23

H3  26.6% 173 1.82 475 7 221 908 45084 11993 09 1726 144 38 52 18

H4  353% 155 2.41 352 19 326 880 45084 15903 -0.1 2437 152 54 84 17

W1 20.4% 166 132 754 3 220 902 45.084 9.178 04 1346 146 30 37 15

Variations in the present invention are possible in light of
the description of it provided herein. While certain represen-
tative embodiments and details have been shown for the pur-
pose of illustrating the subject invention, it will be apparent to
those skilled in this art that various changes and modifications
can be made therein without departing from the scope of the
subject invention. It is, therefore, to be understood that
changes can be made in the particular embodiments
described, which will be within the full intended scope of the
invention as defined by the following appended claims.

What is claimed is:

1. An implant device for humans or mammals comprises:

a bone screw having an exposed surface;

one or more portions of the exposed surface having a bone
formation enhancing 3-dimensional pattern; the 3-di-
mensional pattern forms a continuous network having
voids having a void to solid ratio mimicking the void to

50
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faces or in the exposed shank surfaces or both, wherein
the 3-dimensional pattern is a substantially continuous
network having voids, wherein the voids have a width
range of about 30-1000 microns wherein the 3-dimen-
sional pattern mimics denticles of shark skin.

3. A bone screw for humans or mammals comprises:

a bone screw having exposed surfaces along a shank and
threads extending from the shank;

one or more selected portions of the exposed surface hav-
ing a 3-dimensional pattern, the pattern providing
enhanced resistance to thread loosening when affixed to
bone, wherein the exposed surface is on exterior por-
tions of the threads or portions of the shank or both,
wherein the one or more selected portions of the exposed
portions having a bone formation enhancing 3-dimen-
sional patterns are in the external exposed thread sur-
faces or in the exposed shank surfaces or both, wherein
the 3-dimensional pattern is a substantially continuous
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network having voids, wherein the voids have a width
range of about 30-1000 microns, wherein the bone for-
mation 3-dimensional pattern has a void to solid ratio
mimicking a pre-natal cancellous bone in a human and
wherein the pattern mimics a marine or sea mammal
bone structure and wherein the bone pattern exhibits the
following characteristics

BIOPSY BV/TV  BS/BV TbTh TbSp TbN Ost#
Cross 17.71 14.98 135.16 631.70 1.33 230/mm?
Long 24.54 8.67 231.05 710.98 1.06 150/mm?>.

4. A bone screw for humans or mammals comprises:

a bone screw having exposed surfaces along a shank and

threads extending from the shank;

one or more selected portions of the exposed surface hav-

ing a 3-dimensional pattern, the pattern providing
enhanced resistance to thread loosening when affixed to
bone, wherein the exposed surface is on exterior por-
tions of the threads or portions of the shank or both,
wherein the one or more selected portions of the exposed
portions having a bone formation enhancing 3-dimen-
sional patterns are in the external exposed thread sur-
faces or in the exposed shank surfaces or both, wherein
the 3-dimensional pattern is a substantially continuous
network having voids, wherein the voids have a width
range of about 30-1000 microns wherein the 3-dimen-
sional pattern has a facing along the threads that is direc-
tionally low in resistance during screw installation and
tightening and once installed and tightened against bone
has increased loosening resistance.

5. The bone screw for humans or mammals of claim 4
wherein at least 10 percent of said voids have a dimension of
at least 30 microns.

6. The bone screw for humans or mammals of claim 4
wherein the voids have a depth into the selected surface of
about 150 microns or less.

7. The bone screw for humans or mammals of claim 4
wherein the bone screw is made of a metal suitable for
implanting in a human or mammal.

8. The bone screw for humans or mammals of claim 7
wherein the metal is titanium or a titanium alloy.
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9. The bone screw for humans or mammals of claim 7
wherein the metal is stainless steel or a stainless steel alloy.

10. The bone screw for humans or mammals of claim 4 may
include the 3-dimensional pattern to secure the screw to the
skeletal bone structure with the pattern being on a proximal
surface of the threads.

11. The bone screw for humans or mammals of claim 4
wherein the bone formation 3-dimensional pattern has a void
to solid ratio mimicking a pre-natal cancellous bone in a
human.

12. The bone screw for humans or mammals of claim 4
wherein the pattern mimics a marine or sea mammal bone
structure.

13. The bone screw for humans or mammals of claim 12
wherein the sea or marine mammal is a whale.

14. The bone screw for humans or mammals of claim 12
wherein the sea or marine mammeal is a dolphin.

15. The bone screw for humans or mammals of claim 12
wherein the implant at select portions exhibits a stress neutral
isotropic structure for enhancing bone formation.

16. The bone screw for humans or mammals of claim 4
wherein the voids have a medium width of 500-800 microns
in the open marrow regions of the bone screw when formed as
a trabecular bone structure.

17. The bone screw for humans or mammals of claim 4
wherein the facing is asymmetrical in relation to torque resis-
tance.

18. The bone screw for humans or mammals of claim 4
wherein the 3-dimensional pattern has a surface texture that
forms a surface topography that is repeated on a regular,
irregular, isotropic or asymmetrical, orthogonal or random
basis.

19. The bone screw for humans or mammals of claim 4
wherein the 3-dimensional pattern is formed into a continu-
ous network of troughs or channels.

20. The bone screw for humans or mammals of claim 4
wherein the 3-dimensional pattern is formed into a continu-
ous network of ridges or protrusions.

21. The bone screw for humans or mammals of claim 4
wherein the 3-dimensional pattern is a combination of a con-
tinuous network of troughs or channels and ridges or protru-
sions.



